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(57) [fift] 

y UXric*»©»f*Jtt?*^380MPaK±-C, B HSW30HP 

C : 0. 03-0. 20%. Si : 0. 005 -1. 5 
%s Mn : 0. 05-3. 5 %. P : 0. 005 -0. 15%, Al : 0. 00 
5 -0.2 %, N: 0.020 %£TF£^> SfclcNb, Ti> 

m\z^c^r^>mmmz. An***- (AnSBA 

-100 r) <Offiiffi«IHJC*5WSffiT*^5056«±, Afe 
AX<0ffiT*aM5fc«TT. 7&*Ott±W7E3£i&fia* (A 



(sDintci. 6 mmn 

C 2 2 C 38/00 3 0 1 

C 2 1 D 9/46 

C 2 2 C 38/58 
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&m¥- 1 1 - 3 4 3 5 3 5 



[ttfmsftolBH] 

(1) 5tT'^^l^n^E^200GPa^TT^O> ^l/X^ 
««<BRttfc;*ja*380MPa«±. SSS«Sf*«fbfi (BH 

B) #30MPa a±T**ct*»«t-r****w«fls* 

C : 0. 03-0. 20%, Si 

Mn : 0. 05-3. 5 %, P 

S : 0. 02%J£TF, Al 

N : 0. 020 %£TF£^*, aSBFefecfc^pIiBM^tttt /0 

^^tl. ^oTte (1) 5S:T^SI$n^E^200GPaJ^ 
TT&O, yuXfig^O^JS^7^380MPaJ!^±, 
SStt«ft:S (BHD #30MPa £k±T~frZ>C££&m±: 

E= (Eo 4-2E45 + E90) /4 (1) 

tcfzis, Eo , E45, Esot^n^nm^fS], jek* 

fRjtC45° . EEM*^tC90° CD#rpJ(D-\*>^ (GPa ) . 20 

C : 0. 03-0. 20%, Si 
Mn : 0. 05-3. 5 %, P 
S : 0. 02%J£TF, Al 

n: 0.020 %&T&^m?zmtfL<Dmmmz, An&m 

VfEMfc&tfi (An&ffijS-lOO X:) EUitU 

C : 0. 03-0. 20%, Si 
Mn : 0. 05-3. 5 %, P 
S : 0. 02%J£TF, Al 

N : 0. 020 %SkT*&G?Z$Ll&<DMmttlZ. An£ffi 

(Ar3^fB*-ioo r) <Di&m%&miz&vz>f£Tm 

**50%£U:, S»^X<OJET*^15%£AT"Tf. fr-?t±± 
tfKteUmtf (An 00 t:) EUitU ^flxi& 
SM*600 *CKTi:-rsJ»raiE3£*JfiUfc©%, J&R51EE 

ffiBa?&B*«©»ifi*-ffi. 
[XN®I¥fll&:K9n 

[0 0 0 1 ] 40 

mtsnzmmzm^xftmrmmmmitft (bhs) 

[0 0 0 2] 

X<D&lh&mfflTZ>9hg&l£5££tJi^Xl50* &m*&(D 

&&ik\z&zmn-&w&iSimtznx\,*2>o a®jip<o@is so 



E= (Eo +2E4S + E90) /4 (1) 

fc/fu Eo , E45, EsoJi^n-enmsA-^], eeb* 

ftlC45° , JfE^f^^90° <D#f*]<Dir>^ (GPa ) . 

umm2] m&%x\ 

: 0. 005 -1. 5 %, 
: 0.005 -0. 15%, 
: 0. 005 -0. 2 %, 

Ti, vo5% A^aant 1 asfc«2 aa±*6 

stT0.005 -0.20%, £fctiCu, Ni, Cr, Mo<Do^£ 
S«nfcl®^fc«2ffiia±«r^»T0.005 -1-0 %, 

^^^^Nb, Ti, v<Dot>fr$miintzim&rz\*2m 

J^Ji^r^ttTO. 005 -0. 20%:fcJ:tfCu, Ni, Cr, Mo£>? 
%^6I«nfc 1 $i£*:te2 mBk±&&# TO. 005 -1. 
0 %, t^*T*C<!:*«F«i:-r*»*«lJCBB«0!>tt 

B : 0. 0005-0. 005 X^StSCi^aitSK* 

[§s*Ji5] mm%x% 

: 0. 005 -1. 5 %, 
: 0. 005 -0. 15%, 
: 0.005 -0. 2 %, 

: 0. 005 -1. 5 %, 
: 0. 005 -0. 15%, 
: 0.005 -0.2 %, 

mmmtznzmfaiz&z. Mtt<z>»wt£@w<hL 

T, SifiT«> 340MPaJ^±<D3l3I^££WT£^ p ;i^§PS 

^uxuax^tciiftioo -200 ica>KraRJ#£$ 

^(D^^^igMMiiSTIt &te30MPa « 

[0003] chc^T, c<&j:5tcM«7WS»ffi{bsn 

tS^tSfFStSCi^ftWSnTt^. d (Oct -5 ft 



-2- 



3 

[ooo4] $ttz. mmrzmm^&mfcznmmfc 

E t> W®mz cfc Z> &Mtf*L £ < ft 0 > *ft 

[0 0 0 5] L^Lft^*^. !8&<^>^£{g;T£-ti- 

4-}4Z2)bntemzm^znT^z>£o\z, ^x/m* 

H£ iTW^bnrt^^ tiL&mzmm?z> c £ 
&xmmzmmx$>D. ^rz^i,xi&^>^m^%^ 

[0 0 0 6] &tz. m^tt. £^0856-139619 ^'AWz 
m^2ftT^2>£olZ. ^^^,TH<100 >#fS]CDir 
>ymJ)m^Z.£tf%}*>tlT$>0. £fz. $^0862-284 

oi6^$Btc^, nd//<ioo > (j£mmmm-jj^z^ a 
co<ioo >-jj^m^ht^^'j5m m^m.m*wm 
2i±z>rz&izA n &m&MTxt±±tf j£m vz.t& 
mmznx^Zo Lfristz&z, mmz\$, rnzAn^ 
m*&Txt±±tfmmzn->xib. {&^>?mmwL<Dm 
m&n<Dmiti\:\z-D^xte3ifz£. < Kiznx&z-f. {& 
^>^mm^^Lxm^^z\£\tmmx^^><D^ 
mvtx$>z> a 

[0007] *fz. $\te£<D&&Km*i&mi,xm//< 
100 >mftmt&zwmtsv%yj&hn^znzfr. $\u 
z<Dft&Km*&mzmn'?z><Dfzzb. mxtwrnti, 
mr.mm^£Lx+^t^M^mm^i±^c£f)mm 

^h{&^>^m^mmr^ ? Mt]m^^Lxmmr 

[0 0 0 8] ft*3, ^ttl^-X^-f hffl<h-r^>. 
[0 0 0 9] 

[^^^^Uct^^T^ai^] *5£Wte, &}E<nmm 
i%ft\zmfcL* m&miiiimzmznzmmzftmte* 

^oyux^^cO^^jS^^380MPaJ^±T^-5^S^ 



(3) 1 1 -3 4 3 5 3 5 

4 

l^^^^380MPa^±i:ft^i55i^^T$)n^ >^U 

7.f^mmf^mmmiLx^x(D^mxmx^^m^m 

Z&&&MXWWLmfm&$:V]±X2. miLXVfCDX 

\t, ^>?&Etf&UX2m?a£XT$:Bm£TZ>o 
[0 0 10] 

mm£MikT%tz&<D^m ±tnLfz 
$&m$:mf&Tz>fzii>. m.mn&L. fottzn^tz* *<nt& 
^ fr^BHtt.*f%®z>fz®mm7 X.? 

it, $bt:, An^Sg/S- (Ar3^gg^-100 r) CDift 

^oyux^^co|^^^^380MPaJ^±<hft 
0 , $ t> tC B H_^Ig^iS^^^^€:f#a C ttfXZZ 
C£*%\&l,fzo 

[ooii] £ir, *mA-%z<Dft^tzmi&wmm&3k 

ZmW-TZo 0. 05wt%C-0. 01wt%Si-1. 2wt %Mn-0. 
05wt%AI-0. 002wt %N-0. 5wt %Cr-0. 0003wt% BI 

£lCtt-htfEES££LT, 3AXT±J£T^40, 50, 60% 
cDJE5it>b<^5/N°XT±mT^50%(7)ffi3S^650 -95 

o rzcD&u&xniK ^Tf±±tfmsi#*~m, 30t:/s 

J^±(7D^iiffiT^750 t^T^U *<j10sec fflQtt 

<dcd%. zox:/sys±<Di$mmm.x]fcmL. m50 x:xzi 

20-15-10%, ^mT^50%(7)«^^30-20-10%, ^ET 
30 ^60% 0^^^30-30-1 5%, 3rm~F^50% (5A°X) <D 
^^^15-15-15-10-10%, <h Lfz 0 z.<Dmmiz&o. Z\ 

±(7)-r;^>1t-r httl<£*T^m^<h, BHM30MPa JL^ 
±, yux^^fg(7)I^^^380MPa^W-r^>^^(hft^ 

[0012] t#bn^^M^iro^T, mmm<D&m& 
(i^M : M (2ot:) ) iz^o^yt/mzmfeL 
fz 0 ir>^E{i, ^(1) 

E= (Eo +2E45 + E90) /4 (1) 

40 tztzL. Eo , E45, E*o\Z^ft?nEEm-Jjfa, EE&'Jj 
mzA5° , ffi52^^]{C90 o (D^rS]Oir>^ (GPa ) 0 

0 1 iCTKTo 

[0013] Bl*6, Ar3S?SI^T»^b<^Ar3 
ggSi^~ (An^Sg<£-100 t:) <DUm$&mX5Q%£X± 
(D!ETmx3&ffl&}Z-r2>C£{Z<£r)^ -V>^E^^ 

50 ^T^/$$n£t)<9T&£o 



(4) 



WB8¥ 1 1-343535 



[0 0 1 4] TUt>*>. *fBWtt. 7x7^ hffi^ffl 
±^*, rt^* ( 1 ) ^ 

E= (Eo +2 E45 + E90) /4 (1) 

Ot/fu Eo , E45, Ego«-tn-enffiS^rfii, eeis 

^[5]tC45° , JEK*fiUC90 - ©*lft©-V>y* (GPa * 

YR= (YSo + 2YS45+YS90 

(fc£U YSo , YS45, YSso^n^njES^fS], ffiffi 
-Ji\p\\Z45° . <ES*ffi]tc90° <D#l«T<D|S*{fcJS*> (MPa ) 
T, TSo , TS4 5 > TSso^-en-enEEM^fS]. /EM^tC /0 
45° , £ES*|6J{C90° co*f5](DOI ? ii^$ (MPa ) 
So ) T3£S5$n^YR^0.7 WK^^«JUi 9 

[0 0 15] *589JTH, C : 0.03- 

0. 20%, Si : 0. 005 -1. 5 %, Mn : 0. 05-3. 5 %, P : 
0. 005 -0. 15%, S : 0. 02%J£TF, Al : 0. 005 —0. 2 
%, N: 0.020 %J£UF£^, S^Fe^tPFpJiKW* 

U ^Offirlfi (1) 5C"C3£«$nSE^2O0G 

ftttttftflMkfi (BH£) rt*30MPa a±T»5Ct&S 

££tci!tjgfi (2) 5CT^8$n«>YR^0.7 J£AT 

AT, Nb, Ti, VO^^^^SWc lSl^/i 

te2$!J^±£^atT0. 005 -0.20%, i=fc«:CiK Ni, C 

r, Mo^^t^eatfnfc iai^fett2ffl^±^^T 

0.005 —1.0 %, £><5^teNb, Ti, V£)5 "5^«bSSteCn 
tz 1 gi^fcte 2 SlJ^±^^BtT'0. 005 -0. 20X*3«fctfC 
u, Ni, Cr, Mo©-5-63&^aanfclffl^fctt2?r!K± 50 
£^etT0. 005 -1.0 %, ^tLTfcJ;^. * 

fgB^Tti, mtmatizm^T. $ 6 b : 0.0005-0. 00 

5 %^tltt)J:K 
[0 0 16] ir>^E, Eo , E45, 

E9Q\zmUX*<Dm£'?2>o &U£\Z. O— 30t:£;lci* 

So £*r, *5g9]te* fflia%-C. C :0. 03-0. 20%, S 
i : 0. 005 -1. 5 %, Mn : 0. 05—3. 5 %, P : 0. 005 - 
0. 15%, S : 0. 02%J£UF, Al : 0. 005 —0. 2 %, N : 0. 
020 %MT&$m?Z&f£<Dmmmz* An^SI*- 40 

JEiaflW* (Ar3g?$L&-100 *C) £JLL<fcU #Jft®aW* 
600 rKT^T^aPplffiS&lfiTCcfc €:»«<!: -r*S« 

ffilB&ME3ff&. Ari£«j£KTT<J!>. ffi«/*X£»< 
AX<omT^30%/AX^T, JE1S^^9:^5/1^^ 
±<h/ c cSiarp t 1EEiia:'rs©^«F^L^<> *5£gflT 

is, mmmznxrz. ££ics_b%t* Nb, Ti, 
^-6^€)aitfnfcia*fc«2aiKt±*^»-eo.oo5 - 50 



* ) ) T£«$n*-\'>y*E^200GPaKTT»O, ^ 
UX^^^(^)i^^^^380MPa^±, ftttM^flEftfi 
(B HIS) a«30UPa 6t±T**^«!:«:4*«tr*ttK« 

* (2) it 

) X (TSo +2TS45 +TS90) - (2) 

0. 20%£fcteCu, Ni, Cr, Mo<Oo *>fr*>M&tltz 1 £fi£ 
fcte2HUa±£^frT0. 005 -1.0 %, **W*Nb, T 

1, V©-5*^63itfnfclfflSfctt2aut±S:^ff|-r 

0. 005 -0. 20%4oJ:^Cu, Ni, Cr, MoO^-fe^^ffltfn 
fclfiB^^«2aiJ^±$r^§tT0.005 -1.0 %, 

blCB : 0. 0005-0. 005 % LTfccfc^o 
[0017] *ffi91«, fifi%T, C : 0. 03-0. 

20%, Si : 0. 005 -1. 5 %, Mn : 0. 05-3. 5 %, P : 0. 
005 -0. 15%, S : 0. 02%J^T, Al : 0. 005 -0. 2 %, 
N : 0.020 %MT&&&TZmf&<DmmttlZ, An&m 

(Ars^sB^-ioo r> (Dummmiz&ttzKTFm 

^50%J£/J2, &mrt*<DJ£Tm&\ 5 % £TFT, ^Ott± 
tfEEMMga* (ArsXaSjA-100 t:) Bt±£U #Jftia 
SW600 < CKT«h-rs»Wffi^«:lifiLfc©'6, ftMflE 

ra^SI^TTcO, ffiJ»/1X£|»< /^X(O/±T^30% 
X/N° X JL^T , ffi^/t 7s W 5 AX J^_h £ fc S ^f^JEM t 

T, 2*>lzmSi%X\ Nb, Ti, ^Stfnfc 1 

as*/itt2aK±&^ti-eo.oo5 -o. 20%*fc«cu, n 

1, Cr, Mo^^^^e»iS«n^l#:^fcti2aiJ[^±€:^ 
stTO. 005 -1.0 %, **t>teNb, Ti, VCO^^^bM 
tfn/!: im&tz\Z2ffiSk±&&mXQ. 005 -0. 20%*5cfc 
t^Cu, Ni, Cr, UQ<Do*>fr$M&ntzim&tz\ l Z2mU 
±^^stT0. 005 -1.0 %, ^tlTt)ci:<, 
HtffEim^iC^PAT, $^>tCB : 0.0005-0. 005 

[0018] *fgMJc^tiTtt, ^/ES^ftaft • 
&&MisX*>&^z£i*mo&xbu^o ^fc, t#E,n 

feffl««wYROfBl±^eW<hL^jgiE®fflcDI^HJE^^lifi 
[0 0 19] 

*«fctJCcn6*||R«:WIRi:Ufc«ffiffl31K|«*^ 
fc, JRSat>L<ttj»5E«ia»(C. SSHJE3ffi«:JBLfct> 
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fro B«*ff©jajp<h<fcfejcm2ffi<D»iK»*ttia<^ 

[0 0 2 1 ] *fc. *5SW<0lH«tt. * (1) SC * 

YR= (YSo + 2YS45+YS90) 

(fcaru yso , YS45, YSsott-tn-enEEJg^rfi], km 

#fal::45 0 . HM*rS]tC90° <0#ft<BRttJS* (MPa ) 
T\ TSo , TS45. TS9ott*n«lffiK5FlRK JEWISH;: 
45° , JE3£*rS]tC90° <0*raj©5l3B^$ (MPa ) 
-So ) T£8<*n<£YR#f0.7 ^T^tt^CchW^b 
t^. 20 
[0 0 2 4] YRjM.7 UThT2>Z.£lZ&r). »KSRIS 

t^iS******. YR£{£<lT3f;i^ M&<Z)flK«mtt 

vfrv-yiM hCD50%^T£T3<aaW£L^o 

^fflaWtC^UYR^jilE^Brt^^^cfc^^H 

&&MX.*)l=?-\$ 2 /(2E)T^^n^ 0 d 

ten, ccdJ;^^^>^^<> &{*JS*a<iS<, S 40 
n n n<h^ofcP#(CYR^gi^i|«^, /h^»^LTt>^CO 

[0 0 2 5] -r&to-s, 10%£LL 

H) ft*U BHfi : 30MPa K±©?3B Htt£*rr*. 
x>1M h^&A:d1R«lRttd:r«C£:&. S^C, N 50 



1 1 - 3 4 3 5 3 5 

8 

E= (Eo +2E45 + E90) /4 (1) 

(fcfc'U Eo • E45, Esott-tn-FnEES^FlfiJ. J£l£ 

*ffillC45° • EE3ffi*r6j«C90° (D^<D^r>^m (GPa 
) ) -C«SS^n*E^fflT200GPaJHTT**. 

Tv 0-3(TC£;lci*U T>#m<DmfeU& 

ilTIl 10-25r*<»jBT**. 
[0 0 2 2] *>?m<D¥-i%&m~? (1) iCT^^n 

£E#200GPa££g*3<h. jfc&T^TSTKttlx. Ztltz 

HtfejaS»*^i;*. ft*5, Ete»£L,<te180GPaETFT 

[0 0 2 3] £fc* *5891©««tt, * (2) jC 
/ (TSo +2TS45 + TS90) - (2) 

£0 ft*5, file, 10%^T^)M^^6n^^^^^ 

[0 0 2 6] O^K, ±tBLfc4*«fe«:WrS««[©a« 
C : 0. 03-0. 20% 

fcFrracoa«ss^affiu^^. c_sam 20%^ 
{tf*. z<Dfz$>. cm. 03-0. 20%jck^u^ o & 

ISO. 05-0. 15%T^^)o 
[0 0 2 7 ] Si : 0. 005 -1. 5 % 

rzwz'&%b&7tm-r?&2>o d<7>a*«o. 005 %tA±(7)^ 

J[!P-rf|ga6t>n^o L^L, 1.5 Si« 
*9P?fi^^ e CCDfztb. SiteO. 005 -1.5 %<7)®StC 

[0 0 2 8] Mn : 0. 05-3. 5 % 

dOct^ttSSSttO. 05%«±^a§»DT|gi66n§^ 3. 

<h^:^p ^(Dtz&b, MnttO. 05-3. 5 %(C(B^Lfeo 
K«*^380MPa£t±<k&*S«ffi<5:-rsfe«i), ^.tzy x 



-5- 
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\t. MnttO. 5 %U±, »£L<te 0. 8%£Lh*£}Jirr £CD 
[0 0 2 9] P : 0. 005 -0. 15% 

cogft^ig^bn^^^tcno. 005 %£x±.<Dmm&<& 

IT^^ 0. 15%£*8x.T^nUfc^lIte§M& 

CDMtt^U<fiT-t^>o C<Dfz#>. PteO. 005 -0. 15 

**q80HPaa±t&*K3ftatr*5fc»^tt. PteO. 04 
[0 0 3 0] S : 0.029SSTF 

*©3&*KF*U^. Kttfita<0H£**5tt« 0.02%^^ 
<h<JCiSliJStt^K*^ns«^(C«, 0.00 
8 %J^T<hT£<£^#£L^o 
Al : 0. 005 -0. 2 % 

Alte, m&TtmtLTftmLs O.OOS KEUKDfl&iin-WH 

0.2 %^IAI>SlK] 

cbfcJC. aP^tt^fSTTSo Z<Dfz&. AlteO. 005 - 

0.2 xommizmnListz* mm&vtcom&frzm. 005 

[0 0 3 1 ] N : 0. 02%J£TF 
»&ffittfflJlt$<0«ftS£3OMPa J^±£T££#>t::0. 00 

io%j^±<hr^><o^»^L^. l^u ia#j^asap«, 

§M«®(c:/a-*-;l,£^££i2-£fc<$, NteO. 02% 

icte, NfiO. 0050%jaT£T3(D;Wf?£Ll>o 
[0 0 3 2] Nb> Ti, V©5%*^atfnfcll*fcli 
2 Sl^±^^tf-T0. 005 -0. 20% 
Nb, Ti, Vtt, ^mt)^b«^^^^i^b»^^J5Scb 

il^UTiUntt, £s+_f2T*o. 005 %&>±mmirz>c 

£\Z&0$h8Ltfi9M>e>n. L^U> Nb, Ti, VcofrttT 
a20%*jHAT«8Jpr-6 4:S»«*«ISftO, SsflOfilCji.^ 

3»*jWHflrc*ttt>. ^<otz#>. Nb, Ti, vw^m-a 

TO. 005 -0. 20XO«HlCl8£L/t. 

[0 0 3 3] Cu, NK Ci\ Mo<05 ^/i^Itfnfc 1 Si£ 
£H2fl!«±££atT0. 005 -1.0% 
Cu, Nk Ci\ Hott, BSttfcTglKOttK (»tt*») 

!Si*fctt2a'ia±»ftiT€r*. Ok NL Cr\ Mo 



(6) 1 1 - 3 4 3 5 3 5 

10 

ra^n-eno. 005 *a±©*inT»*#B*&naa^ 

1.0 %^riS^Sr$»HSIS^ffi^(C®SlbL, ]Gfc»te£ 
*{fc$-ti:-5. Z.<Dtz&* Cu> NK Cr, Mote-tn-enO. 00 
5 -1.0 %<DmmtT2><D&!if3il>^o &tz* m&vx 

*©-&»fi«:1.0 %J^TtC^T^C0^»^b^o 
[0 0 3 4] B : 0. 0005-0. 005 % 
BH *j£Anf±£fa±£lt\ 7i7^h<l:-7;|/r>^ 

0.005 %£iS* SBStttt^ffcT 
3o Z.<Dtz#>. B H0. 0005-0. 005 %<&«SH<t"r*tf>a< 

HO. 0005-0. 0030%T£3o 
[0 0 3 5 ] 3aSRFe43<t^oIiBW^*eift"e*S. ^ 

MPa J£JLt£-r*fc«>fc:WU C : 0. 05%J£*±, Mn : 0. 8 % 
[0 0 3 6] ±tBLfcarit^t"^Ci:(C«tO, BlEftH 

mmvv> t> t T»«««-jafflw?©«{ba^30MPa r±> 
raffi5i©jpj»^s«i30or: KTtts^ff* 

[0 0 3 7] *389]tC*5^^>3!fePpl£EStt> ^x^-f hi£ 

flrasft, nd//<ioo >m&mt$&m9cmzi&f$.2'&2> 0 

40 cfcO, /E5im^r*ft^<i:LT, ND//<100 >> ND//<211 
>, ND//<111 >^5SiiT-5^, C©BEB6*fl=TJi, ^ 

i6, ttaofgc^j8tiND//<ioo >*«(ao*&»aa)is 

ND//<100 >ft^««S«JtWtc»«* 
n, SO*8l^<A:«&. B»^(7>iififJCctOND//< 
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